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AISISACT

Fredicting officer attrition is a major difficulty in

the Elamaing, Programming, and Budgeting Process. The

marine Cozjs until recently used an averaging methcd of

determining out-year attrition. The purpose of this al.er

is tc apply econosetric techniques to the proiles of
redictitg attrition. This paper develops a simple model

which ezakles the unskilled user to accurately predict

attritict.
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1. Z6211511XO

Ibis paper results from a Headquarters Marine Corps
(HQHC) reguest for an officer attrition model based on
sconcsic factors. Ilie model will replace the forzer zodel
of an average of previous years' attrition. The mcdel will

te used for budget and promotion planning and will satisfy

the need fcr sore acccracy in these projections.

Previous studies in this area have suggested that

sconcnic factors are chiefly responsible for officer attzi-

tion. lb. purpcse ct this paler was to expand on a Center

for laval Analysis ICNA) study fRef. 1] and develcp a
regressicn model which is specific to each officer grade and

the ccslcanits withir that grade, such as aviation and

ground. 2he model sill produce an attrition rate which,

when applied to an average annual officer strength tased on

total marbhours, would give a prediction of attriticn fcz the

follcwing fiscal year.

1. EACIGiCUD .O'

in determining which independent variables to use

in develcping this cdel, a great deal of thcught went into

deciding exactly what makes an officer leave the Marine

Corps. A variety of ideas were discussed with cfficers
ranging In rank from lieutenants to generals. Studies were
also made of inforial surveys of former officers who

returned guestionnaires relating to their decision to

resign. The results of this research narrowed chcices of

8,;
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variables tc three categories: military pay, the ecczosy,
and prcrcticn pctential. Promotion potential indices are

keing developed at this tine which vill give an indication

cf an officerts potential fox advancement. These indices

could ke used in a kinary choice attrition model in the

future. Except at very icy grade levels pal, a point of

dissatisfaction with many officers, did not ccrrelate w7

strongly with an officer's decision to leave the service

when used as the independent variable in a linear regression

on attriticn. In crder to test the influence cf cther

econozic viriables on attrition, a variety of variatles were

develojed ttat would indicate trends in economic activity.

Among them were iana~trial unemployment, professional tech-
nical unemtloymert, ccnsumer ;rice index, and GNP. ata for

these variables vexe obtained from the Department of

Commerce and library research. A ratio of civilian to aili-

tary pay developed by the Center for Naval Analyses was also

used Ilet. 2]. Mcst of these variables are self-

explanatcr, but protessional-technical uneploysent is

identified by the lepartment of Commerce as unemplcyment

among lawyer3, pilcts, ccauter specialists, teachers,

frograners, etc* Laef. 3].

The primary difficulty encountered in dcing this

Iroject &am obtaining sufficient data points with wbich to

run a meaningful regression. The reason for this difficulty

was the state of the marine Corps automated data reEcrting

systea prior to 197f. During the period 1970 to 1971 the

marine Corps was instituting its first automated perscnnel

reporting slstem. Many difficulties were encountered during

this perlod and, as a result, data from this pericd is

extresell unreliable. Data at the Defense manpower Data

Center is tased on input from HQeC and after careful study
was fcund tc have siailar protlens. Add to this the attzi-

tion ;rcblem of tk Vietnam Vare and the problems in

9s
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extending tke data base were insurmountable for the purloses

cf this p-aper. The farine Corps system was amended in 176

and, ty 1917s the system was reporting data with over 95

percent accuracy.

The statistical software programming system used in

kuilding the model was the SIS institute's Statistical

Analysis Slstes fRe. 43. Eroblems with autocorrelation

were identified and resolved using the Hildreth-Lu Iroce-

dure. LRefo 5]. flMdel fits were exceptionally gccd by F

statistic and R-squared standards. The model is currently

keinS used ty HHC tc determine officer losses for F! 84 and

will serve as the lasis for further develcpment intc an

expanded acdel.

L*~a 9.& As kAIII
lhe predicticns frcm this model will be used in

several says. 2he first, which is being prepared at this

soment, is the prediction of expected manpower levels c F .'

1984. Ikis is az annual process in which expected attrition

detersines expected accession requirements and# hence, '. .

cfficer recruiting gcals. Frca these figures the sanpower

kudget is tten deterained.

he preparaticn of promotion zones is another use of

this mcdel. With an accurate prediction of attriticn,

eligikillty zones car be determined well in advance thus
facilitating Marine Corps planning as well as officers'

personal planning. Cther areas affected by this model will

ke scbccl guotas and retention bonuses* such as Aviation

Cfficer's Ccntinuatica Pay. *-.,

3. £bqim g1 Ilazssioh

The primary reasons for choosing a regressica odel

in this case were sisplicity and the sparsness of data.

2he model will be used by mathematically unsophisticated

10
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officers whc have little or no desire to manipulate coiplex

mathematical expressicns or tc do extensive computer work.

lith a regression model, answers are provided which ex~ress

an easily understood relationship between a cause and an

effect, which in this case axe unemployment and officer

attrition zates.

factors for an ACOI-type model were not developed

tecause of an intuitive error in this type model as it

applies to Earize Cczps officers. The ACOL type mcdels

relate vcluntary attrition tc variations in military and
civilian ccapensatiom. Essentially, the ACOL-type mcdels

say as individual will leave the military if he senses an
erosicn in his present compensation in relation to civilian

compensatior which Exesages an erosion of future tenefits

[Ref. 6). However, Marine Officer motivation for ccntinued

service is tot based ca monetary rewards as much as it is a
variety of other factors such as patriotis, pride in
service, and a basic satisfaction with his standard of
living tkat is acceptable given an opportunity tc continue

in service. The ACCL model 1resumes that an officer is a

reascmatle man in the legal or economic sense, and that he ,

will weigh the financial benefits of military service versus
civiliar life, and whichever ecomes more favorable will be
his career of choice. In this author's experience Marine
Cfficers make an eactional ccamitnent to service and tend

to rezain is service until they have reached their goals or

have determined that they no longer have a possibility cf

zeachiag t.em. This intuition was confirmed by regressions

cf attrition on civilian to military pay ratios which slow '

little explanatory power.
litt -
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It was necessary to first explore alternative sources of

data tefcre beginning the analysis because of the Ircklens

senticned in Chapter One concerning the Marine Corps cffi-

cial data tase. lbe Defense Manpower Data Center(LBEC)

maintains data files ca all DCD personnel, both active and

inactive. From these files £MDC is capable of extracting

data ca tie number of officers and their grade attritizg in

any cne year. Files cn Marine Corps officers extend tack to -'p

1971 and include unrestricted officers as well as limited

duty officers. Data submitted to DNDC by the Karime Corps

sere cttained from the marine Corps personnel recrting

systes. The difficulties with the data were a result of the

reporting systes pricr to 1977. Attrition data were summer-

ized ca a semi-annual basis ky HQHC and sent via tale to * ...

ZNDC- Since the repcrting system at this time was apEozi-

mately six months in arrears, the problems of determining

exactly %hen a Marize left the service were difficult to

resolve. ecause of the Froklems in the HQNC data it was

expected that similar problems would occur in the DMEC data,

tut ar atteapt was made to resolve these difficulties. By

taking an cverall list of attrition from 1971 to 1983 it was

hoped that the data could be reduced to annual attrition

data ty suamarizing the data by separation dates. The

results ctained froz this effort were distinctly different

from EQHC data for tie same period. Part of the difference

can be attributed to the Department of Defense (DOD) coding

systes which identifies the reasons for an individual's

attriticn and part tc the residual effects of the Vietnam

12



Ear. Further compounding the 1roblen were instances of lost
tapes and duplication cf names. Differences between DCE and

marine Ccxrs coding systems caused additional Ercklkas of

differentiation between unrestricted officers and limited

,uty Cf lcers. The result of these data problems was to

disallow the use of attrition data from years prior to 197.

2be data actually used were obtained from H 5C (Officer

flans Section) and dates from Fiscal Year 1977 through

fiscal Year 1983. 20 ensure accuracy of this data, an

intezsive effort asn made ty the Officer Plans Secticn to

verify tke data by ccmparisen with data maintained indepen-

dently of the personnel system. The data are in the fccm of

total attrition and average strength for a given fiscal

year. The average strength is computed by using man-bours

totaled cver the year and divided by the number of days in a

year. From this infcrmation the annual attrition rates were

then computed. These data are listed in Table I ty rank,

coonrent, and year.

1. ICCNCEIC DATA

Eccncmic data were obtained primarily frcs the

Statistical Office cf the Department of Commerce. In

particular, all unesployment information was provided by

this source. 2he data were available in several forms

includJng the raw numker of unesloyed and the total menuer

in the work category, as well as percentages of unemEloyed

in each ork category.

Unemloyment data appear in a large number of categcries

reflecting the enornous variety of occupations in this

countzj. Previous studies on this subject by CNA used only

the figures for grcss unemployment of males over age 18

[Ref. 7]. Intuitively it was not reasonable that this

measure would acccrately reflect attrition of Earine

• 13 *- *;.
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TiA11 I

MAJINE 0!PlICfl ATTRITIOi

BANK 1977 1S78 1979 1980 1981 1982 198,.

Grcund

12CCI .115 .148 .137 .116 .111 .096 .094

3JO1 .086 .(69 .093 .084 .087 .044 .062 --I
CIPT .073 CES .02 .104 .092 .090 .076
1511 .225 .233 .210 .174 .157 .147 .143

Aviation

17CCI .135 .172 .144 .121 .125 .122 .060

f1OF .071 .C79 .059 .052 .048 .034 .036

CMII .129 .176 .179 .156 .148 .091 .100

1STL7 .067 .CE9 .069 .034 .032 .025 .019

Tctal

ICCI .122 .155 .138 .119 .117 .105 .086

1JO1 .078 .C85 .080 .072 .072 .040 .047

CIIE .096 .123 .124 .122 .112 .090 .093

11.LT .166 .176 .147 .123 .109 .102 .09

Ci icezs whc are primarily leaders, or in civilian tens,

xanagers. Those officers who do not fall in the managerial

categczy are# for the most part, technically oriented or

pilots. for this reason the author examined certain sub-

categcries of uneziloyment such as managerial/

administrative, aviation, and professional/technical. 2hese

categcrits are defined in detail in Chapter Four below and "2
relate closely to the types of work for which Marine

Cfficers are gualified. The economic data showing signifi-

cant relation to Marine Cifficer attrition based ot linear

14
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TABlE 11

Econoic PAC2os -

14ar us 011 ET ET1 PA! GIP CPI

1971 .028 .031 .030 .032 1.036 5.3 6.5
1S78 .021 .028 .026 .030 1.024 4.4 7 .6 ,, .

1S79 .021 .021 .024 .026 1.000 2.3 11.5

1C80 .024 .021 .025 .024 1.000 -.2 13.5

1981 .027 .C24 .C28 .025 1.050 -.3 10.2

198 .036 .027 .033 .028 1.045 -.8 6.0

1Se8 .035 .036 .031 .033 1.022 N/A N/A

legr ussicn analysis axe listed in Table I1 under tte vari-

able razes UN (aanacerial administrative) and PT (prcfes-

sional technical). the variables UNI and PTI in Table II

are the variables UN and PT lagged by one year.

leseanch at the Pentagon library and at the Naval

Eostgzaduate School Erovided additional information ca unnn-

ployzent categories, as well as data on civilian and zili-

tary ;ay. The actual data on pay used in the mcdel was

cbtaimed frcs a Center for Naval Analyses study [Ref. 83.

The studl, by Kathleen Utgoffe computed pay as a ratio of

civiliam and military pay indices. The indices were

computed by choosing 1980 as a base year and dividing each

year in the sample by the value for 1980. The civiliar lay

index was computed in the sane way using 1980 as the base

year. the ratio of these two indices then showed a ccntin-

aing relaticashil between civilian and military pay. This

data is listed under the variable name PA! in Table II .

tata ca the gross national ;roduct (G P) and the consumer

,% •



Ezice index (CPZ) ucre obtained from lihrary research as...
u.11. These variables are alac defined in Chapter Fcur. .
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111. ZEZEUUE U MEU Z Z1EJ BODE

A. 12115ENS

Erocedures fclloued in developing this model were stan-

dard data azalysis methods learned at the Naval Postgraduate

School. The first step in the process was an intuitive

study of tie problem in vhich the analyst determines from

kackgrcund infornmatica what factors might have a logical

effect ca the result he is trying to predict. since the
lpurpcse cf this study vas to determine what economic factors

sight influence officer attrition, the search for causes

kegan in this area. To acccalish this step, a series of

interviets was held with a variety of senicr officers at

BQHC, including the officer-in-charge of the marine Corps

Cfficer flans Section, the Director of Officer Career Ilan-
sing, and a number cf assignment monitors. ill of these
individuals deal vith officer career patterns on a daily

kasis aid all had strong cpinions as to the reasons for

officer attrition. (it is important to note that these cffi-

cars were all near retirement age.) Additionally, tkey

Irovided a variety of other insights as to the officer mind ,-.,

set regarding his career choices. Results from these inter-

views shcved a general disagreement on which particular

econoxic factor was most important in influencing an cffi-

cers decision to leave the service. None mentioned unes-
Iloysent, tct most selected pay, benefits, and the eccncmy ,

in general as significant factors in attrition. Aside from
these economic factcrs, one item, the potential for

continued ;romotion, was mentioned by almost everyone. In

sum, tkeir feeling was that an officer's success was the
deterlining factor as to vhether he left the marine Ccrps.

17
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Iheo officers did feel, however, that the economy had scan ;.

effect ca the timing of an officer as departure from the .

lariat Cozps.,.
Ike author xecelved several yearse worth of question-

maires Ires the Carter Planning section which had been }

collected Iron Lieutenant Colonels who had recently -

r esigned. There were approximately 180 of these packages. .:i..

Reading through the S.uestioanaire answers and the acccula- . .

vying written narratives provided an inavaluable glimpse into -:.

the thoughts of son %to, at the tine of writing* had Jtst

made tte decisiot to leave the service. in general, there -A

ere two reasons why these sea left the service when ttey .. :

did. Ite first was that they felt the time was right for "'-

then to sake the choice of continued service until they were "

pursue a second career. (III were 20-23 year retirees.) ,'

Their cczcexn was that staying an i~n the marine Corps past .-..-

age 45 mculd reduce their chances for obtaining satisfactory ' :

enplclaezt when they eventually retired. This van taed on /:-.

, ...

the feeling that officers frcs the 42-45 year old age group

would have a significantly reduced chance of being hired by "
a conjamy in which they could continue to Frogress. Ihe .
second major factor in the cffcesa decisions van their-

cpinica that they bad reached their prcaotion lisit, Vith ;....
efe arthe tfimigo of a potentia for troeotonm their

test financial optioz was tc apply the logic in the Frevicus
paragra h and leave te marne Corps.

Based on the aftresentoned intev es and weonal

experiences, the author began an analysis of the officer as, . .
he aces through his career. it as headoy apparent that'

there e e key rere an whih an officer as est lkel .

to leav the service. These periods were based on pzoacton
moints in sio teae the service. n norgal circumstance

lieutenants a e procted t Captans n th e ar tireeof

Thei corern as tat sayig onin te Maineorpspas
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connissicnaed service, Captains to majors during the tenth
year* majors to Lieutenant Colonels during the sixteenth

year of service, and Lieutenant Colonels to Colonels during

the tenty-seond year of service. Integrating this with

the fact that retiresent benefits are not achieved until the

twentieth year cf total service yields a brief picture of

the pzccticnas in a marine Cfficer's career. The fcllcving

paragraphs give a more detailed discussion of each rank.

lieutenants normally have a four or five year initial

term of service depending on their source of commission and

compcnent (air or grcund). Essentially, no aviation lieu-

tenants leave the service. This is because of their lcnger

initial term of service, which causes then to reach the

grade of Captain befcxe they attrite. Aviation lieutenant

attriticz is purely a function of accidents, illness, and

disciplirary problems and, consequently, was not modeled.

Ground lieutenants however, do attrite in significant

numbers as the length of service requirements for then are

such less severe. Ittrition in this grade is based cn an

individual's analysis of his future. Presumably, the funda-

mental guestion is oe which results in a choice of a uili- ,..:

tary or civilian life based on his goals and amitions.

Because the percepticns of the attainability of these oals

must reascnably lessen during an economic downturn the

econcmy should have a significant effect on an officer's

decisic tc stay or leave. If the economy is defressed it

is a difficult tine for an officer to leave the security of

the militaxy, especially when there is a high probability of

extending his service by one of several short term agree-

ments. 2hese agreements can extend a selected officerls

service to a more favorable period of time for his exit.

Additicnally, there is a smaller chance of obtaining a
regular ccsission which would extend his service until he ,.
zesigns or is passed over for promotion two consecutive

times.
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Icr Captains there is a such greater period of fleui-

tility given that they are regular officers, or reserves

with as extension of service agreement. Since Captains are

fronoted at five years of commissioned service and are

either passed over fcr or pronoted to major by their elev-

enth year of service, an individual say leave the service

voluntarily at any pcint in a period of over six years.

ithit this period cf six years a Captain will have Sreat

flexitility in making two key decisions. The first is

whether cr not te renain in the Marine Corps. The second is

when he will leave tie arite Corps if he decides to resign.

Cnce the first is decided, the timing of the second will

depend cn his ability to obtain satisfactory employment.
2his cf course till depend on the economy as well as tis

skills.
lith the rank of major the problem is siapler.

Ere-ECERM (refense Officer Perscnnel management Act) Eajcrs

have a guaranteed length of service of twenty years conis-

sioned service. Since they are promoted during the tenth

and eleventh years cl commissioned service and are either

passed over or selected for Lieutenant Colonel in their

sixteenth tc twentieth years of service, they have a period

cf six tc ton years in which to make a decision abcut

leaving. lout-DOPMI Majors dc not have a guaranteed length

c.f service of tenty years but there are provisions uhich

allow the retention cf these officers on active duty taed

cn their skills and the findings of a special board. Since

£OP8 has cnly affected twc year groups it is difficult to

see hcw It will affect the attrition of majors. By the time

cfficers make the rank of Major most have committed them-

selves fcr a twenty year term of service. By reaching the

tenty-year retirement point they assure themselves cf a
very satisfactory retirement program.

20
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At the sixteenth year of service, a Major is first

eligikle for selecticz to Lieutenant Colonel. The selection

rprocess nay be repeated for four years until the officer is

either Izcacted or jassed over and retired at twenty years

cf service. During this later period it is very unlikely

that any major will leave the service unless he has Arior *

enlisted service which would help him achieve twenty years

of service early. lieutenant Colonels probably have the

most flexibility of all officers. They are usually 1rcsoted

at sixteen years of ccummssicmed service and may continue in

service until the twenty-sixth year of service. At any

point after their third year in grade they nay retire

although it is considered economically foolish to leave

tefore zetireaent. From nineteen years of service ca,"

however, the Lieutenant Colonel can pick his tine tc leave.

lost men at this staSe of life would not leave unless tkey

had a jck either already arranged or the economy was in such

a condition that obtaining a Job was not difficult.

The result of the above discussion is that Marine

Cfficers make theic decisions to leave the service for

zeascms Seerally unzelated tc the economy. The timing of

tbeiz decision, however, is directly related to the eccncmy

since tiey invariably reguire employment soon after their

departre from the sezvice. Thus a poor economy will zeduce

the attrItica of Mazine officers, while a robust econcmy

mill cause attritioz to increase given that there is a

substantial pool of cificers who have made the decisicn to

leave at aa given tise.
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IT. EUT DI LLM

Bata analysis for this Iroject was guided by the intui-

tive analysis of the 1robles given in the previous chapter.

lhe analysis pointed this research toward a particular set

of varialles which were then examined by the author with

the interticn of determining relationships between the[ and

cfficer attrition.

1. Ucatter E112. ..k. is

7be next stel in this process was to verify the

intuitive relaticnships between the prospective independent

and dependent variables by visual inspection. This was dcne

using scatter plcts cf the data. a scatter plot is a simlle

IlottIng of two-dimensional data on (xy) coordinates using

a specified scale. In this case, attrition data was Flctted

cn the I cocrdinate versus a variety of economic data on the

z cocxdinate. The resulting set of points should shov scme

type cf a pattern if there is a relationship between the two

varialles. The patterns could have a variety of shapes tut

in the case of this data they most likely will be linear in

form. If they are linear then the hypothesized cause and

effect relationship is easy to otserve between the tvc vari-

ables. .he actual picts were constructed using IBH's exper-

imental Sraphics softwarer Grafst3, in the NPS graphics

zoom. Specific functions used were the Scatter Plot

nalysis for the scatter Ilots and General Plot for the

linear cclarisons.

Scatter plots were run on officer attrition versus

the econcsic variables defined in Chapter I as well as the

22 N
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rates of change of the- versus the rates of change of
cfficez attrition. The most significant relaticnships

cccurred ketveem the various forms of unemployment and

cffices attrition. Also notable was variation in these

zelaticashils with respect tc officer grade and conpcaest.

In ccmjuzction with the scatter plots the economic factcrs .

and the attrition rates were also plotted on one scale

versus each year since 1977. This allowed a direct ccafar-

ison ketween the twc factors and served to further illus-

trate the relaticnshil. Figure 4.1 contains a sample of the

graphs fcr lieutenant Colonel, Ground. lote that a least

squares regression lime has been included in the scatter to

emphasize possible relationships. Only the variatles

finally chcsen for the model were displayed on the plots.

2he remainder of tie plots for the chosen variatles are

displaled in Appendix A. After cosparing the regression

fits ,cr all variables, I decided to use the variatles UN
and all in zy regression equations. Additionally the vari-

able 12 was lost due to its redefinition by the Department

cf Ccnexce in 1983.

Most of these plots show a strong correlation

Letween unexployment in general and marine Officer attri-

tion. 7he correlaticn between aviaticn officer attrition

and unemaloyment, however, was such weaker. This was caused

ty the initiaticn of Aviation Officer Continuation Pay in

1981 which gives a large bonus of as such as $6,000 per year

for six years to aviation officers electing to continue in

service. 2he Irogram applied to all ranks provided the

individual net certain active duty in flight status require-

sents. 2his action ly DOD has had its desired effect, and

almost 500 officers, are continuing in service (including

fifty lieutenant Colcnels who otherwise would not). This

accounts, in part, for the dramatic reduction in attrition

rates fcr aviaticn Lieutenant Colonels in 1983 and fcr avia-

tion Uajcrs and Captains in 1982 and 1983.
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SCAITEROLOT: LTCOL(GNO) ATTRITION VS M/A UNEMPLOYMENT
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A second difficulty was the inability to dist in-
gizish tetween voluntarily sefarated officers, and those who
separated kecause of their inability to obtain one of the
limited nusber of service extensions. This difficulty was
zost arpareat in the Grcund and Total categories of
lieutenamts. Because of the great numbers of officers
leaving tke service in this grade, the effect of the Unem-
ployment cycle on attrition is muted and, thus, is act as
apparent as in other ranks. Aviation lieutenants were not
included in the model because an analysis of the data
disclcsed ttat few (alout nineteen per year) ever attrited,
and those who did were separated as the result cf ccurts .-

martials cr for medical reasons. Based on the above plot.
and others not shown, the variables described below were -

selected lox further evaluation.

2. leci=~ 5 ~~

a. Lana gerial/Admi nis trative Unemployment (ON)

This is managerial and administrative utemly-
ment and as the name implies, includes executives, managers,
and administrators. Iron this variable, two other lagged
variatles were created and named UI and 032 (only URI is

displaled in Table II). The number indicates that variakle
ON has bien lagged crc or too years respectively.

L. Professiczal Technical Unemployment (PT)

This category of unemployment includes lawyers,
teachers, computer specialists, airline mechanics, and
pilots. It is also ccmputed by the Department of Commerce
and is lagged by one and two years in the variables P11 and
ET2 icnly Ell is displayed in lable II). This variable was
very significant in the first runs of Captain* Ground and

7otal. The Department of Ccmmercer however, has radically
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altered this category of umemlcyment based on the results
of the 1980 census to the pcint where it is no lcnger

consistent with the years prior to 1983 and therefore is

unusalle in this predictive zcdel.

c. militaryiCivilian pay ratio (PAY)

This variable is the ratio of civiliar to aili-

tary pay described It Chapter Three. Its purpose is to
display the changinS relaticnship between military and
civilian pa7 thiough the years. It was also lagged oze and

two years in the variables fill and PA!2 (only fill is

displayed in Table 1).

d. Gross Onesploysent (GUM)

This is uremployment of males 18 and over. It

covers all industries and is cue of the rates commonly seen
in the ewspiaperk.-

3. ISSIAs, • i%._ia"

i*a the discussions with senior officers mentioned

in Cbalter Three, it becane apparent that promoticn ;cten- -
tial was thceght to ke a major factor in determining whether
cr nct an cfficer sill remain in the marine Corps. or

example If an officez thought he was promotable to Major and

lieutenart Colonel &ien he was a Captain there would be a

strong likelihood that he would remain in the service. This
is true for Lieutenamts Majors, and Lieutenant Colonels as

well. A high promotion potential may be indicative of a

perscn's satisfaction with the service. At the same time,

not bavi-g the ossitility for more responsibility because

cf lc pronotion potential will cause an officer tc leave

the service. Thus icmoticn potential and other factcrs of

retentic may be related. The only difficulty was that

there were no reliable ethcds of guantifying this factor,

and thus pcnoticn pctential was not used in this acdl.

26
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evaluatica cf the results can begin. The purpose of regres-
sion is to validate a theoretical relationship between a
gives fact and a piece or peesG of information on which it

say te dependent. HRunning a linear regression" is the
procedure ty which tie coefficients to the variables in the
expressics will te attained: -.-

Y(i)- a + t1(i).

This establishes the linear relation between the I and Y
variables. Assumpticms made in determining this mcdel are:

(1) There exists a population of I values for each 1;
the populaticr random variable corresponding to
I (i) is I1(i) .

(2) 11(1i)) a + kI(i) for each 1(i) (i.e., the value
cf I that is expected for each 1(i) is given by
the expressice a + tl~i)).

(3) laxr(Yi)) - sigma squared for each X(i).

(41) Tbe errors of cbservation (residuals) are uncor- a'

related and normally distributed [Ref. 9J.

C. 1IIIUIIS OF UZ SI5 09TED!

7c acccaplist the analysis of these variables the SAS

Institute's regressicm analysis programs were used. Figure
4.2 is at example of the output from one of these programs.
They provide accurate output with a wide variety cf func-
tions. S's11 ease of use and availability were prime

factcrs is its ctoice for the regression analysis.
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Pigure 4.3 is az exaalle of the SAS program used tc ;rcdoce

the regressions.

In reviewing the results of the SAS output a variety of
terns bill te used tc describe the model and its fit tc the

data an sell as its ability to predict the future kased on

estimates of the independent variable. A brief descriFtion

of these terms follows.

A statistic used to test for a linear relation

between the independent and dependent variables of the

regressica equation. If the linear relationship is strong

we expect that this value, a ratio of explained to unex-

plained variances, tc be lazge.

2

SE2

where:

b * - (Xi-) (i-)

and:

SI n-2

is sial the square toot of the unexplained variance. As

used In SLS the F statistic measures the explanatory power

that a variable contributes to the model. In ding Eo it

tests the cull hypctheses that there is no correlation

ketveen the variables. If the value of the F statistic is N':
higher that the critical value, vhich is determined by

degrees cf fxeedom and confidence level, then the null
hypotbesis rejected. If it is lover, then the null

bypothesis cannot be rejected. In general, high I values

indicate a strong cczrelation and low values show a weak

correlation Lief. 10,010,
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2. kSMS

Sbis statistic is used to examine the linear xela-
tionabil between the variables of a regression. a Ferfect

zelaticashil would result in a value of 1, while ac rela-

tionahil wculd produce a value of 0. Shis statistic can be
intetzated as a percent of total variation of the dependent
variakis ttat is dWined by the independent variable.
Normally in time sexies data with large samples* I-sguare
valises cf .90 or morf are common.

n-2

shore I Is the value cf r(I) estimated from the regression
egmatics. LAst.- 11I.

Shia is a test of the hypothesis that the regression

coeflicleuts egual zezo. The statistic used for this test

is the t-statistic:

tu

uhere: b is the estimated coefficient and

SE

1541( -157

If t Is greater than the critical value for the test, then
the ccefficlent b is mon-zero. if t is less than the crit- h.
ical value, then the coefficient equals zero, and the null
hypottesis that the coefficient has no significance is
accelted (Note that Icr this single variable case t-square

equals 1) [ief. 12].
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this is the ratio of Standard Error (SE) to the mean

of the sample 71.6:

Cla SE X 100
y

Ilthceb the reliability of this expression is sukject to

the ccntext of its use, values of CT are expected to ke as

small as .10 to .20 [lef. 13].

5-..-,.

2his is an expression of confidence that a predicted r
value will ke within a pair of values. Thus it can ke said,

for ezamile, that the attrition rate for 1984 vill be within

.12 and .13 with 95 percent cofidence LRef. 1]. 

6. "j~gj 1 jj.c

tependence cf the value of one variable ca the

values of the same iariables preceding it in time. Nor

example, the dependence of 1984 unemployment on 1983 unem-

ployment vculd be first order autocorrolation. the degree

cf autoccrzelaticn is measured by the autocorrelaticn coef-

ficient zhc, p. It p=O there is no autocorrelaticn. for

positive cz negative autocorrelation the values of p are

positive or negative. In this paper the term serial c -re-

laticn is used interchangeably with autocorrelation

iof. 15J.

7. L -sa u

This test zasures the degree autocorrelatic-.

Coipaxiscn with tables .ill indicate whether the statistic

is sigiflicant or act, Values of 2.00 indicate nc aerial

correlation. For puzposes of this paper, existing tables

32
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had tc to extended j linear extrapolatioa to cover small

saale sizes. The resulting tests ace as follows:

Jor negative autccorzelation:-

Bc: no negative autocorrelation

Reject if DV < 4-dl

Accept if du < DV < 4-du

Inconclusive if 4-d < DV < 4-dl

for Ecsitive autocorrelation:

Be: So positive auto correlation

Reject if DV < dl -4,.

Accept if Dl > du

Inccnclasive if dl < DV < dn

Values of du and dl for this problem ace 1.28 and .92

Zespectivell Clef. 16:. '

Z. INJPCIS OF ShUal SIZe C5 iGB33I2

Is previously mentioned, in the construction of this

model there were two significant problem areas. Beth Ircb-

leas axe a result of the lack cf data points. In pezfcaming

linear regression. tte larger the sample size the greater is

the EcsaItility that the relationship indicated by the model

is a statistically valid one. An R-square of .90 with cne
thousand data points is far more likely to be a valid model

than a todel with the same B-square and only seven data

$oints. In a time series model, for instance, a relaticnsbip
-..

that fits tke data well over fifty years is far more likely

to be valid than one that fits over ton years. 2hus, this

model with only sever data points has obvious guesticas of

validity shick only additional data will be atle to ccnfirm. "

2he second consequence of the small sample sizes is the

restriction that must be placed on introducing additiocal
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variaties to the model. It is unlikely that the variakie Of

explains all of tie variation in the attrition rate.
Intuitively, there Lst be other factors. Unfortunately,
with a saall sample size# there is a tendency f or model
statistics such as the P value and R-square to imErove
serell tj the additicn of a variable or two without thcse
variatles also having a significant effect on the model's
descrilticz of reality. For instancer i-square will
increase to one if siz variables are added to a model with a
sample size of six. Ibis is a result of tie method ky which
i-squaxe is calculated. lies to ensure that an accurate
model Is produced, the nusker of independent variatles has
teen limited to cne, despite the fact that there are ctter
variaties that have significance both intuitively and
statistically and, in general, the model is improved by
addinS ties.

1. CIFFIC6ITINS wll £UTOCCBRIZATIOI

Ike problem of autocorrelation was encountered in f cur
of the models. This is normal in time series data and in
large data sets there are standard procedures that attempt
to remove the autoccirelation. In the case of small data
sets* however* the irocedures are sometimes not effective
and produce results which are subject to question. 2he
presence of autocorrelation does nothing to hamper the
modells predictive ccasistencle but it does cause the esti-
sate of standard errcrc to be biased Elef. 17]. The goal of
any procedure intended to correct autocorrelaticr is to
produce residuals which are unoorrelated and thus satisfy
the independence assuaption of least squares linear regres-
Sion. Ihe results of these models with their evaluatcry
statistics are shown kelow in lable 111.
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Iks rocedure used involved estimating the serial ccrre-

latica ccefficient using the HiLdreth-Lu procedure. the

Bildreth-Lu pcocedure is a grid search method of deteruining

the otisal serial ccrrelaticn coefficient by confuting the

sum cf squared residuals for a series of possible values of

the serial correlatica coefficient. Values of the grid

range fzcm 1.0 to -1.C in gradations of .1# including zero.

Ihe optiaal value of the correlation coefficient is then the

one that produces tie sinis value of the residual sun of

squares resulting frcs the regression using the general

differeacirg procodcre (see telov) for each correlation

coefficient. The optimal valee of the correlaticn coeffi-

cient to the one-hundredths place was then determined by a

second grid search covering an egual distance to either aide

cf the izitial pcint. After determining the optimal esti-

sate of the serial correlation coefficient, the general

differeaciag procedse Ptef. 183 was used to apply this

factc tc the regressicn model in the foers

IS * Bo(1-pj)-I It$)

where:

1* It - ]P(It-1)
I.* It - p(Xt-1)

and p s serial correlation coefficient

It-I - previous jearts unemploysent

Zt a follow-on yearls unemployment

* a attrition rate prediction for follcv-on year

Tbe results of this Frocedure are discussed in the

folloulng section and are presented with their statistics in

table I1. Comparisons of the equations arrived at by

general differencing versus the original equations are found

in lpeadiz B. In three of the fcur cases the nodel

iroduced by the general differencing van supericr to the
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original acdel both in the Durbin-Iatson statistic as well

as in the other seasexes of a model's validity (it is noted

that aftez general differencing the normal distribution

theory fcr linear models no Icager holds).

. VIBISICITIOII OF 116BISSIGN ASSUIPTIOIS

ifter each model was selected, the residuals were exam-

ined fcx nciality and independence. Despite the fact that

these or any procedures are relatively inaccurate fcr small

sample sizes, normal ;lots were used together with the

Shapizc-lilk statistic to verify normality. The results of

these tests generally indicated normality. Those results

(3) that were incorclusive or weak involved the mcdels on

which general diiferemcing was used. The use of this Froce-

dure caused the loss of one more data point and thus the

;robakle weakening of the tests. Constant variance of the

residuals was established by the examination of plots of the

residuals aSainst tke estimated attrition and the indepen-

dent variable, while independence was established by the use

cf the D1 statistic ard graphical methods.

G. MCDZI VARIABLES ABC COMNCiTS

Table IV is a takular presertation of each model's inde-

endent variable vitk it's coefficients. Mhere a value for

Bho allears in the right hand column general diiferencing

was used tc achieve the final odel. The statistical

guality of each model is discussed in detail below.

B. 112CAIZDN OF STATISTICAL TESTS TO TRE UODEL

Tbe folloving is a grade-ky-grade analysis of the aodel

kamed on the test statistics provided by the SAS output.

The fcllcwing discussion will refer to Table V concerning
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TABLE II

RESULTS OF GENEAL, DUIPRENCZIG PROCEDURE ... ,

Var I F ta tb Di CV
lazk/coml 4; () (3) (4) (5) (6) (7)

fialor

Grcuad un .S7 130 23.4 -11.4 2.78 .04

Ivjaticz an .73 10.9 6.0 -3.3 2.33 .27

Caltaim

Tctal uan .99 281 45.3 -16.8 2.96 .02

Licutenart

Ground oin .!3 4.5 5.7 -2.1 1.70 .32

(1) 71e inde~endamt variable used in the regressicn.

(2) 5-eguared value

I~ statistic
(M-)0(1) t statistic for coefficients a and b
(6) £urkin-Watsom statistic

(7) Coefficient cl Variance

the statistical tests of the model. The results ct the

confaxiscn cf the general diferencing model and the crig-

inal model are included in Table V. Columns are identified

and exilained beneath the table.

..37
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TABLE 11

NOVEL VIRIABLES AND COMMENIBTS

S ...-...

Eark/cczE Variable a-coetf b-coeff Rho

Aviation UN .238 -4.078 -

Ground ON *199 -3.000 -

7ctal ON .2C8 -3.194 -

Major

Aviation ON .049 -1.784 .49

Giouad UN .251 -2.677 -.67

7ctal ON . 140 -2.637 -

Caltain
Aviation UN .294 -5.625-

G und UN 133 -1.678 -

Ictad ONl .136 -2.394 .23

Lieutenant

Gcud ON .C597 -2.342 .72

a. Aviation.

The aviation model for Lieutenant Colonel was

*5 % "

negatively affected ty the unnatural retention of officers

in this grade resulting Iron the enactment of Aviation

Cffices ContinuatioL pay. The attrition rate of aviation

lieutemant, Colonels dropped more than fifty percent fic the
year tefze. With ti. modification of this value to reflect

the akseace of those officers electing the continuation pay,

38
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TIBLI V

STA ISTICAL AIALISIS OF 2B 3DEL-

Var S F ta tb DV CV
Bark/con; (1) () (3) (4) (5) (6) (7)

Aviaticm us .54 5.8 5.0 -2.4 2.06 .2C

- Gicumd Us .66 30 13 -5.5 1.75 .C7
UNtal us .78 18 10 -4.2 2.06 .OS

Major

Aiiation UN .73 11 6.0 -3.3 2.33 .27

Gicumd ON .$7 131 23 -11 2.78 .04,

ctal UN .68 36 11 -6.0 1.39 .IC

Caltain

-viatiom ON .S8 302 33 -17 2.00 .03

Grcund ON .16 16 12 -4.0 2.31 .06

-ctal UN .E8 36 16 -6.0 .9C .05

Lieutenant

Gicund ON .56 6.2 6.0 -2.5 .65 .15

(1) 2he indejendett variatle used in the regressicn.

(2) S-squared value
(3) 1 statistic

(4)-(5) t statistic for ccefficients a and b

(6) lartin-Vatsor statistic

(7) Coefficient cf Variance

who otkervise would have attrited, the sodel vould iarcve

inneasell. Unfortunately these officers are impcssitle to

identIfy. As acre data is developed the inclusion of a Fay
variatle in this model nay increase its e:ficiezcy. An

L" 39 9
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additicnal consideration in explaining the drop in attrition

is the sixple fact that Lieutenant Colonels are the rank

group scat severely affected by a poor economy if they leave

the service. This is because the typical Lieutenant Colonel

is married with two college-age children and a large hcme

mortgage. The model is significant at the .93 level and the'

Zurbin-Vatson statistic of 2.06 indicates that there is no
serial ccrrelaticn Iresent in the residuals since 2.06 >
I-dl and 2.06>du for negative and positive serial correla-

tion9 respectively.

L. Ground.

As can te seen in the takle, the statistics

evaluatirg this model indicate that it is an accurate model

despite the paucity cf data. The model is significant at

the .S9 level as are the a and b coefficients. The coeffi-

cient of variation is less than .1 and the Durtin-Vatson -

statistic irdicates ttat there is no significant autoccre-

laticn present.

c. Total.

This model is a ccuposite of aviation and ground

comEcnents and the statistics react accordingly. All vczsen

except tie Durbin-Uatson statistic which at 2.06 indicates

no significant serial correlation.

2. i-is

a. Aviation.

The same difficulties encountered in modeling

aviation Lieutenant Colonels were encountered with majors.

Again, a large prcpcrtion of majors who would normally...

attrite accepted Aviation Cficer Continuation Pay (1OCP) "'

and did not leave the service in 1982 and 1983.

40
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Additioallye lajois who reached retirement eligibility

tecause cf frior enlisted service chose to wait until their

uandatcrj retirement joint at twenty years of commissioned

service because of the poor state of the economy. The F

statistic Is significant at the .95 level as are the t

statistics for both ccefficients. The coefficient of varia-

tion is fairly good at .21 ccmpared to the .10 to .20

normally demired. This value is consistent with the

E-square of .60. In this case a pay variable that tcck into

coasideraticn t.hbe effect of 1OCP night be a valid second

independent variable to be included as the size of the data

set increases. The turbin-Vatson test indicates that there

is Ecsitive serial correlaticn present in the residuals.

The gesn al differencing procedure was used on this cdel,

and the result was a model which was vastly superior statis-

tically with no serial correlation.

k. Ground.

The relation between ground Eajor attrition and

unesmloyzent is Suite strong with an R-square of .82 and a

coefficient of variation of .11. Both the a and b coeffi-

cients are significant at the .99 level and the F statistic

at 22.9 is also significant at the .99 level. The

Lurbia-uatacn test is inconclusive suggesting that the

correlation of the exrors is due to the autocorrelaticn of

the irdelendent variatle and not the correlation of residual

model vas tc greatly inmrove its evaluatory statistics. The

EN statistic, bowever, only improved from 2.89 to 2.78.

This was enough, however, to accept the hypothesis of no

negative or positive serial correlation in the model.

41
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c. Total.

This model is better than its individual avia-

tion and grcund coapctents. Its R-sguare is high at .8 and

the I and t values fcr both ccefficients are significart at

the S9 level. With a Durbin-latson value of 1.39, the null

hypothesis cf no serial correlation is not rejected. Also

meeting acceptable standards is the low value of CV at .10.

. .':t: :-n

a. Aviation.

Although attrition rates dropped by almost forty

percent in 1982 and 1S83 from 1981, the model still fits the

data uxtremely wel1 since tie reduction in attriticn due to

AOCP cccurzed at the sane time as the last rise in uneaploy-

sent rates. A check of Table V shows that all statistics
are significant at the .99 level and the Durbin-Watson

statistic is 2.00, indicating the absence of serial

correlaticn.

1. Ground.

The R-sgvuaxe for ground captains indicates a

relatively good fit ci the data. The P statistic is signif-

icant at the .99 level as are the t statistics for each

coefficient. The ccefficient of variation is excepticnally

good at .06. The Durbin-Eatscn statistic of 2.50 indicates

the alsetce of significant serial correlation since du <

2.50 < 4-du.

c. Total. 14S

Based on the releiant statistics the crigimal

model was effective except that the Durbin-Uatson statistic

cf .9C is slightly less then the dl of .92 indicating the

possitle pzeence of positive serial correlation. The Di
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statistic resulting from the general differencing was incca-

clusive as to the pZesence of positive or negative serial ... a

cocrelation although the model itself was vastly isproved

cver the original. '

4t. Slnant .

Is described in previcus chapters, this grade is

difficult tc model since only a limited number of officers

are allcued to remain in service. Thus, effects due to 'a'

unemplcysent are masked by the large number of officers

attriting simply because there is no requirement fcr then in

the Barite Corps. Ccrrespcndingly, this model is poor in

its exIlanation of the variance of the data measured by

B-square. The P statistic uas significant at the .S4 level

as was the t statistic for the beta coefficient while the

alpha coefficient was significant to the .99 level. These

statistics were alsc subject to question because of the

;reserce of positive serial correlation indicated by

Curbia-Uatscn statistic of .70. General differencing

Iroduced a slightly worse model with a lover R-square and

less sigzificant F amd t statistics (.90 level). Serial

correlation, however, was eliminated as evidenced by the DV

statistic value of 1.70.

3 .. .
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. aCtil CCUPAIISOIS

Previous efforts 1 Headguarters marine Corps (HQBC) had

used an averaging prccess to ccaute officer attriticn esti-

mates needed for planning purposes in the folloving year.

The results of this Frocess, which vas merely a sun of

krevicus six years cl attrition divided by six, was then

modified ul or down depending on the intuition cf the

respcnsitle officer regarding trends in officer retenticn.

For example, a severe recession night result in the total

teing reduced by an arbitrary percentage if the responsile

cfficar was of the olinion that economic factors would slow

dovn attrition.

Is can be imaginede this method vas inaccurate in the

sense that it wculd lag the current rate because of the

dependence ca previocs years' rates. Additionally it would

not be able to predict the critical turning points in the

trend cf officer attrition as vell as not being able to

indicate extremes. Table VI presents a compariscn cf the

averaging method vitt the results of the linear regression

models developed in this research for the year F! 1983 and

7! 19E4. The third column contains the actual attrition

figures for 1983. She fourth and fifth columns show the

percent errcr f or tke average and 1983 regression model's
predicticns for 1983 respectively. The sixth column gives

the 19e4 regressiox model Iredictions for 1984. The

disparity betveen tt* averaging method and what actually

happered in 1983 is a result of trends in attriticn which

averaginc cannot predict. These trends are caused ty a" ... , .

variety cf factors such as the economy, military pay, and '.

military clicies such as flight bonuses.
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T AlB'L| VI 
-

CORMIEISON Cl BODEL RESULTS

Bazk AVL Re le S Error S Error Re eas
l. 10) i 111 ,1 9o ..1..(2)

MCICl 177 1!2 127 39.4 19.7 1!2

NAOICS 186 119 146 27.4 2.1 164

C11 1 4152 377 392 15.3 -3.8 107

151 I 525 416 396 32.6 5.1 425(-)

(1) Uses actual value for UN (.035) in 1983. Both the
183 and 1983 sodels use 1982 average strength.

(2) lssuies UU-.033 and updated coefficients for 198.1-
(3) ncljdgp vflae annual aviation Lieutenant

attr yton of fo year.

7he ccmplete attrition nodal is presented in table IV of

Chapter Jur and is in the form of eleven regressicn rela-

tions and includes tie modifications resulting from general

differoencing. The equations were maintained in this ferm

for siallicity of use by IQHC.

2. JIMJDIc Io INTER1UIs V.

Frediction iAntervals provide a zone of confidence within

uhich it can be claimed that a result will lie with 95

percent jpzcbabiitY [Lef. 19J. Predicticn intervals are

shown graphically by the scuid lines on either side of the

straight regression line. 7he graph shown is f cr total

lieutemart Colonel attrition versus the unemployment varA-

able ON. All cther predictica interval graphs appear in

Appendix B.
165"•



SCATTERDLOT: LTCOL(GND) ATTIRTION VS U/A LrUtEPLOYM£NT
o

-A

0.020 0 024 0020 00 2 0036
MANAGERIM./AOMINiSIRATiT UNCVPLOYMNT"

Figure 5.1 Prediction Intervals.

C. S1iINSZUITY IALISIS

Sensitivity analysis is the procedure by which the zodel

is tested tc determine its reaction to various input values.

lable VII reflects tke general trend of the economy for lS84

with zost cf the values fcr uneaployment (UN) decreasing

from 1S8-'s .035. Ilso shown in the first two cclumns are

the results for 1984 If unemployment increases. The Rodel

attriticz rates are relatively insensitive to change as a

.001 change in UEemployment produces only five acre %*

lieutenart Colonel attritiots. Likewise a change from .035

to C32 in unemployment results in an additional tcurteen

attrit;iczs. (This data vas calculated by multiplying 1584

estimated 1lestenant Colonel strength by the change in the

attriticr rate.) This is acre significant and represents an

eleven percent increase from F 1983.
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TABLE V11
SUSITIUIT! ANALISIS OF 1984 MODEL

Pas:W ags of UN for 1984
Bask/CczE .037 .6 ~ .034 .033 .032

IZctaJ.

ltccl .08S7 .C929 .0961 .0993 .1025 .1057

major .0424 .C451 .0477 .0504 e0530 .0556
Capt .08S2 .C910 .0929 .0947 .0966 .0984

Gicand
Itccl .08E0 .C910 .0940 .0970 .1000 .1030

Major .0440 .C485 .0530 .0575 .0619 .0664

Calt----------. 11-----------------

it .1384 .1391 .1397 .1404 .1410 .1417

Aviation

Itcc, o0836 .C880 .0924 .0967 .1011 .1055

aajor .0332 .C341 .0350 .0359 .0368 .0377

Calpt .08e0 .0910 .0940 .0970 .1000 .1030

(1) 9M3e t dd ,eu:ns on the lagged
maxabielgai 4flg tffeisonly onevau

ire dicted for 1984.

Z. CCIIOI

Based cz the results enumerated in the foregoing para-

graphs It can be ccacluded that economic factors were

significant variables in the attrition of Hariae Ctficers

during tte period IS77 to 1983. The economic factcr mcst"a
important in deteraining attrition is unemployment. A

second significant factor may be pay. As more attrition

data Is ccaliled these conclusions may veil be stremgthened
if, as predicted, the economy continues to strengthen, and

47
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initial zelcrts cf increased officer attrition continues to
hold tzue through the remainder of FT 1984. These trends
can alsc te affected by maragement policy such as the
authczizaticn of bonus payments as in the case of IOCE tar
lariat hviators. Is explained in ChaFter Fours ACCP, in
conjunction with a crippled economy# had a significant

effect or aviation attrition, reducing the totals by almcst
forty pezcent. an attempt was made to develoF quarterly -.

models and ty this sethod have more data points available,
tut the models had little correlation with officer attri-
tion. 1his was intuitively understandable since officer
attritior will almost always cccur around the summer mcnths ..,...
for a variety of perscaal factors. This is not a result of
unemployseat but sislj a function of when school vacations
tegia and officers are normally commissioned.
Becommeadati:ons for further study center arcund promotion
jotential ccupled with unesloyment as a significant indi-
cator cf an officer4s inteaticas at the breakpoints of his
career in a binary choice aodel.
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SCATTU PICTS IND CCPARISOI DIAGNRAS

Ile fclloving graphs are the scatter plots and cospar-
ison diaSrzam for all rank/ccEonents included in the *cdel.

alany cther Flots of these t~yes were done for all of the ..

variatles ccnsidered to include rates of change of the vai-

able tut are not included because of the lack of space.
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SCATTERPLOT: LTCOL(TOI) ATITION VS WiA UNEChPLVOYIT

d

d

0.020 &.024. 0.020 0.032 GA3S
MANAGERALADMNTRATIVE UNEMPLOYMENT

LTCOW(OT) ATWTIIO AMD h/A UNEMPLOYMIENT VS t4

ATT~ff IO

llguze £.1 Total lieutenant Colonels.
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SCATTERPLOY: UAJOR(TOT) ATTRITION VS M/A UoNEMPLOYM~ENT
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SCA11TWLOY: CAPTNN(OT) ATIONM ~SA W MOWIEW4T-

U,-

d

OU OA24 G4 A 4 4

WMAAERIN.AUINISTRATVE UNEMPLOfl4Ck

C*PWW(OOT) AITTON DO li/A UNDOPLOYMDOT VS YtEAR

ATTIT1O#

YEARS

-- -- 4-

Jiuz .3 lotal Captains.
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SCAY1TELOT: LTCOL(GNO) ATTRITION VS M/A UNEMPLOYMENT

Zo  ,. -.

•4. .4.;

z 0
12

0.020 0 024- 0.028 0 032 0.0.36
MANAGERiAL/ADMINIST RATIVE UNEMPLOYMENT

LTCOL(GNO) ATTRITION ANO M/A UNEMPLOYMENT VS YEAR -,

ATTRITION:

0

0

MAERA/DNTAIEUNEMPLOYMENT

tg~ll1980 9812..... '

YEARS "°

; - Si;.

I Igure A.l 4 Gound lieutenant Colonels.
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SCATTERPLOT: MAJOR(GNO) ATTRITION VS M/A UNEMPLOYMENT

0.020 0.024 0.029 0.032 0036
MANAGERIAL/ADMINISTRATIVE UNEMPLOYMENT

MAJOR(GNO) ATTRITION AND M/A UNEMPLOYMENT VS YEAR

* UNEMPLOYMENT

Im. 1116
YEARS

ligazie 1.5 Ground majors.
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SCAITERPLOT: CAPTAR.(ONO) ATTRITION VS MIA UNEMPLOYMENTf

0i

z

0020 0.024 0.029 0.032 0.030
MANAGERIAL/AOMINISTRATIVE Ut4CMPLOYMENT(LAO 1)

CAPTAIN(GNO) ATTRITON AND U/A UNEMPLOYMENT VS YEAR

C4

ATTRITION p

z~

S UNEMPLOYMENT

1976 IO t962
* YEARS

Figue A. Grond Cptais.



SCATTERPLOT: LIEUTENANT(GND) ATTRITION VS M/A UNEMPLOYMEN'

4

W

.V

@020 0.024 0.026 0032 0.03
MANAGERLAL/ADMINISTRATIVE UNEMPL.OYMENT i

4T LIEUTENANT(CNO) ATTRITION AND U/A UNEMPLOYMENT VS YEtAR

28 UNEMPLOYMENT

YEARS

ligure 1. 7 Gzaund Lieutenants.
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SCATTERPLOT: LTCOL(AVN) ATTRTION VS U/A UNEMPLOYMENT

'0

0.2 04 002 02 03
-JAEIVDMNSRTV UEPOMN

LTLAN)ATTRITIO/AMNDSMAV UNEMLOYMENTSYA

LTCOL(AVN) ~ ATTRITIONAN AUNPLYIT'SYR

0~

z

UNEMPLOYMENT

YEARS

Filgure A.8 Aviation Lieutenant Colonels.
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SCATTERPLOT: MAJOR(AVN) ATTRITION VS M/A UNEMPLOYMENT*

003 0.2 .28.3 .3

MAAEILAMNS.AIEUEPOMN

MAJRAN ATRTO N NEPOMN SYA

MNGIAAMNSTTIEUNEMPLOYMENT

dJRAN TRTO N MAUEPOMN SYA

YEARS

Figure &.9 Aviation Majors.



scArTERPLOT: CAPTNIN(AVI4) ATTIM~bN VS N/A UNEMPLOYMENT

0.2 04 008 03 .3
- AAEILAMNSRTV UNMLOMN
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612311 DXP1IRINCING EQOATICIS

1. MCDJI IQUA2IODS 2ISULING IR01 GENZRAL DIP!IECING

Is3cIav3s.

y (.143 z.72) +.0597 - 2.3412 x (Tilt - (.72 x
UNt-1))

3-

1 (.036 .49) *.0436 - 1.74 x (TNt -(.23 x

Ut-i))

4.~~S jjr -ru

a (.06 x -. 679) *.2192.67178 z (lit -(.67 x
UNt-i))

4. Z~i~ SML0



w -- - .. - A - t a. a . a .a-a a . a .. _ -a A - a. . r - j. 
- 

--

*, E. CCIIISOI 01 ORIGINAL

In the tollowing table the original models are composed

4with the models resulting from general differencing. model

1 statistics are fro the original model while model 2 indi-

cates the general differencing model. As can te seer all

models imp cve except the Lieutenant ground model.

TABLE VIII
RBSULT - OP GBIERIL DIFBEINCIG

lazk/cca Model I 1 ta tb DI CV

Ltigd) 1 .56 6.2 6.0 -2.5 .65 .15

2 .53 4.5 5.6 -2.1 1.70 .32

Calt(tot) 1 .88 36 16 -6.0 .90 .05

2 .99 281 43 -17 2.60 .02

Bajoi av) 1 .60 7.6 5.2 -2.8 .71 .21

2 .73 11 6.0 -3.3 2.33 .27

Majcz(gnd) 1 .82 23 9.7 -4.8 2.89 .11 ..-

2 .97 131 23 -11 2.78 .041

.-
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55IDIC!IC3 INTERVALS

The following figures show the prediction interval
diagrams tot the models of all ranks and coaponents. As was L

expected frca the model data some of the models are poor

regardina their variation in predicted rates. On these

models wbere tie prediction intervals are too large to be .-

shown vithcut expanding the scale they are not shown. hcse

models it which genezal differencing was used follow the

criginal mdel.

scATTEOLOT: LTCOL(GNO) ATrITION VS d/A UNEMPLOYMENT

60

0.2 0

-- ,V ,..
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*0.020 0024 0.026 0.032 0.036 '%

MANAGERIAL/AOJMSTRATIVE UIEMPLOYME'NT [-

ligure C.1 Lieutenant Colonel Ground.
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SCAT-ERPLOT: LTCOL(AVN) ATTRITION VS N/A UjNEMPLOYMENT

0

E -o &4 lo 3

M(RW0M-TV NEPOMN

Pi r . iuenn oonlTtl
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SCATTERPLOT: MAJOR(GND) ATTRITION VS M/A UNEMPLOYM4ENT

0.020 0.024 0.023 0.032 0034
MANAGER AL/ADMINISIRATIVE UNEMPLOYMENT

Figaz. CA4 lajor Ground.

MAJOR GROUND(G/D)

290

o 0.020 0.024 0.023 0.032 0.036
UANAGERtAL/AOUINiSTRATIVE UJNEMPLOYMENT

FIgure CA5 lajoX Ground/Duing General DiffeCenCing.
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SCATTERPLOT: MAJOR(AVN) ATTRITION VS M/A UNEMPLOYMENT ;
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SCATTERPLOT: MAJOR(TOT) ATTRMTON VS M/A UNEMPLOYMIENT

* 6

SCATERPLT: CPJDI(GNO ATRITOVS NMIA UNMLYMN
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Figure C.12 Captain Total/Using General Differencing.
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